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METHOD FOR PRODUCING POL-YPYEffiDDSHUM 

Field of the Inventjon 
[OOOll 

The present inventioiQ relates to a method for producing polypyridinium and 
more particularly to a method for producing polypyridmium that can control 
molecular we%ht distrSbutiott. 

Prior Art 

[0002] 

Pyxidiniitim derivatives are ionic molecules having photoelectrochemical 
oxidatiLon-reduction capability. Taking advantage of this characteristic, pyridinium 
derivatives are used ia a broad range o£ apphcationH such as chromic materials, 
disinfecting surfactants and the like. These functions are observed due to the 
formation of pyridinyl radicals dxiring an oxidation-reduction process and tiie 
interaction among them. Therefore, apolycationic polypyridioium constructed from 
miaimal units oomparising pyridinium linked into a conjugated chain is a very 
interesting, strongly interrelated polymer with a multistage oxidation-reduction 
property. Reports on the ajratheais of such a polymer through a halopyridine self- ■ 
condensation have been published (Eeferences 1-3). However, the polymerization 
mechanism has not been elucidated and the molecular weight haB not been 
controlled due to the low solubility of the polymer obtained. 

[0003] 

Reference i: Reeueil Vol. 78, 593-603 (1959) 

Reference 2'- Journal of Polymer Science^ part C, No. 16, pp. 369-375 (1967) 
Reference 3: Polymer International 35 (1994) 67-74 

Problems to be solved bv the Invention 
[00041 

The present invention provides a xnethod for producing polypyridinium 
having a regulated molecular weight. "Regulated molecular weight" means that a 
polymer can be obtained with a desired molecular weight while maintaining a 
narrow molecular weight distribution, such as a ratio of the weight average 
molectilar weight to the number average molecular weight of 1.5 or less. 

Means to solve the Problems 

[0005] 

The inventors studied a consecutive chain polymerization using pyridinium 
salt as an initiator and investigated the reactivity of a 4'chloropyridine monomer 
and polypyridinium synthesis. As a result, the inventors discovered a production 
method for a polypsTridinium having a regulated molecxilar weight and the present 
invention was completed. 

[0006] 

That is, the present invention is a method for producing polypyridinium 
comprising reacting 

(l) a polymerization initiator represented by the chemical formula below 
[Chenjical Formula 1] 



1 



Tranfllalioa of priorc(y doemnent JP 2004-084518 



\sas/ 

where R represents R"(CH2)n-, whetein R" represents a tydrocarbon group or 
a heterocyclic group and n. represents an integer that is at leeist one, or an aryl group 
or a heterocyeHc ring that may contain suhstituentSj however, the heterocyclic group 
has its carbon atom bonded to the nitrogen atom ia the pyridine ring, R' represents a 
hydrogen atom, an alkyl group, an alio^ty group, a halogen atom, a nitro group, an 
ester group or an aromatic ring forming a condensed ring with the pyridine ring, m 
is an integer firom 1 to 4, X represents a halogen atom and Y represents an anion 
soluble in the organic solvent, with 

(2) a monomer represented by the chemiceil formtlla below , 
[Chemical Formula 2] 

N 




where Z represents a halogen atom, and R' and m are, independently, 
defined as above, 

in an organic solvent in the presence of a dissolution accelerating agent comprising 
hydrophobic anions. 

Advantages of the Invention 
[0007] 

A conventional halopyxidine thermal polsnnerization proceeds self' 

catalyticaEy. That means that the rate of nucleophilic reaction on the carbon in 
position four ia tJie halopyridinium structure in the growth termini of the dimer DST- 
(4-halopyridnio) pyridine] or the oligomer formed is overwhelmingly faster iiian the 
rate of nucleophilic reaction on the carbon in position four of the halopyridine 
monotner ia the initial polymerization stage. This difference is attributed to the 
electron density in the initiator and the position four carbon in the halopyridinium 
structure seen in the growth termini being sufficiently lower than the electron 
density of the position four carbon in the halopyridine monomer and nucleophilic 
attacli: by the nitrogen in the halopsrridine monomer occxirring readily. Therefore, a 
halopyridinium derivative, a top priority target in a nucleophilic attaclc by a 
halopyxidine monomer, is separately synthesized in the polymerization reaction of 
the present invention and is used as the initiator. As shown in the Examples, a 
naxrow molecular weight distribution and a desired molecular weight can be 
achieved by allowing prioritized growth from the initiator to occur in a temperatxire 
range in which a halopyridine self-catalyzed thermal polymerization does not occur. 
Therefore, the polymerization reaction of the present invention satisfies the 
conditions of chain polycondensation reactions. 

Brief Description of the Drawings 

Figure 1 is the ^H-NMR for 4-ClPy used as a monomer in the Examples. 

Figure 2 is the FT-IR for the 4-ClPy tised as a monomer in the Examples. Ar- 
Cl stretching vibration: 1102.1 cm"^; C=C ring stretching motion: 1404.4, 1480.6 and 
1566.9 cm-i. 
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Figiare 3 is the ^H-NMR for tlie t-BBPy used as the polymerizatioa inifdator in 
the Examples. 

Figtire 4 is the FT-IE for the t-BBPy used as the polymerization iaitiator in 
the Examples. Ar-01 stretchiixg vibratioa: 1108.4 cm"^; C=G riag stretching motion: 
1452.6, 1496.0, 1567.4 and 1634.9 can'^; Methyl C-H etretchmg motion: 2960.2 cm-\ 

Figure 6 is the ^H-NMR for the polypyridinium ajmthesized in the Examples. 

Figmfe 6 shows the relationship between the monomer conversion ratio in a 
4-ClPy polymerization reaction and the average molecular weight of the 
polypyridinitim polymer. The open cirdee o indicate" Example 1 (used an initiator) 
and filled circles •radicate Comparative Example 1 (no iciitiator used). 

Figure 7 is the gel chromatography for the polymer. 

Figure 8 shows the time dependent changes for the 4-CIPy conversion ratio 
axxd polypyridinium average molecular weight. 

Detailed Descrintion of the Invention 
[0008] 

The reaction of the present invention is represented by the equation below, 
where H' in chemical formulas 1 and 2 is a hydrogen atom. 
[Chemical Equation 4l 

R-N*^^^-~X + o N^^— Z ^ 

\ / o 

12 3 

That is, pplypyridmium 3 having a narrow molecular weight distribution and 
a desired molecvdar weight is synthesized by allowing a pyridine derivative 
monomer 2 to polymerize on a specially designed polymerization initiator 1 in the 
presence of a dissolution accelerating agent that dissolves the formed polymer in a 
solvent. In the equation, o is about 1 to 300 and other abbreviations will be 
ejqplaiaed later. 

[0009] 

The polymerization initiator of the present invention is a halopyxidine 
derivatives with enhanced electrophilicity in the position four carbon in a 
halopyridine derivative, which is represented by the chemical formula below. 

[Chemical Formula 1] 





[ooio] 

E represents E."(CH2)n- or an aryl group or a heterocyclic ring that may 
contain subetituents, 

E" represents a hydrocarbon group or a heterocyclic group. This hydrocarbon 
group refers to an alkyl group, a linear hydrocarbon group containing double bonds, 
a cycloaliyl group, an aryl grottp or an aralkyl group. 

n represents an integer at least 1, preferably 1 to 3 and most preferably 1. 

R' represents a hydrogen atom, an al^l group, an alko3cy group, a halogen 
atom, a rutro group or an eeter group substituent or an aromatic ring fi>rming a 
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condensed ring witli a psrridine ring, and a tydrogen atom is preferred. As the 
aromatic ring that fo3!ma a condensed ring with, a pyridine ring, a benzene ring' or a 
naphthalene ring may be cited and a benzene ring is preferred. When a pyridine 
ring forms a condensed ring witih. one benzene ring, the condensed ring is a qxiinoline 
ring. When a pjrridine ring forms a condensed ring with two benzene rings, the 
condensed ring is an aciydine ring. These atomaiic rings may also contain one or 
multiple numbers of the substituents Hated above. 

m represents an integer of 1 to 4. However, m is 1 when the condensed ring 
described above is a quinoline ring, and m is 2 in the case of aorydine, 

[0011] 

The aryl group is preferably a phenyl group or a naphthyl group. 

The heterocyche group is preferably a heterocyclic group containing N, O or S. 
Ae the heterocyclic group, monocyclic heterocyclic groups such as a furyl group, a 
thienyl group, a pyxrolyl group, an imldazolyl group, a pyrazolyl group, a tbiazolyl 
group, an isothiazolyl group, an oxazolyl group, an isoxazolyl group, a triazolyl group, 
an oxadiazolyl group, a thiadiazolyl group, a tetrazolyl group, a pyridyl group, a 
pyrimidmyl group, a pyridazinyl group, a pyradiayl group and the like or polycydic 
heterocyclic groups obtained by a ring condensation of tdiese monocyclic heterocyclic 
groups amongst themselves or with an aromatic ring such ae a benzene ring, a 
naphthalene ring and the Mke may be cited. Of these, heterocyclic groTips 
containing rdtrogen are preferred. In the polymerization initiator, the carbon atom 
of this heterocycQic group needs to be bonded to the nitrogen atom of the pyridine 
ring. 

These aryl groups and heterocyclic groups may also contain one or multiple 

numbera of substituents. As these substituents, an alkyl group, an altoxy group, a 
halogen atom, a hydrojjyl group, an amino groiip, a nitro group, a silyl group (-SR"'8: 
R'" may be identical or different and represents hydcogen groups, hydrojcyl groups, 
alliyl groups, halogen atoms, alkoxy groups and the Mke) and the like may be cited. 
[0012] 

The following groups may be cited as escamples of E., 
[Chemical Formula 5] 

N^N CI HjCO^ 

icj^ OM-J7\-- CI-Sl-(CH2)p- H3CO-W(CH2t^ 
^>&b/ CI H3CO 

where G represents a substituent and p represents an integer^ 
[0013] 

X represents a halogen atom and preferably represents a chlorine atom or a 
bromine atom. 

Y represents an anion dissolved in an organic solvent used in this reaction. 
As such an anion, a halide ion, a perchlorate ion, a tetrafluoroborate ion, a 
hexafluorophosphate ion, a tetraphenylborate ion and the like may be cited. 

[00143 
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In addition, the monomer used in tib.e piresent invention is represented by the 
following chemical formula. 
[Chemical Formula 2] 

In the formula, Z represents a halogen atom, preferatly a chlorine atom or a 
bromine atom. R' aad m are independently similarly defined a$ above. 
[0015] 

• The dissolution accelerating agent used in the present invention functions to 
enable the synthesis of a high molecular weight polyp yxidinimn. with a narrow 
molecular weight distribution by efSciently ion exchangiag the halide ion released as 
the polymerization progresses with a hydrophobic anion iand malting the polymer 
formed soluble in the organic solvent to allow the polymerization reaction to 
progress unificcrmly and comprises a hydrophobic anion. This hydrophobic anion is, 
for example, aperchlorate ion, a tetrafluoroborate ion, ahexafluorophosphate ion, a 
tartarate ion, a citrate ion, a nicotinate ion, a phospiate ion containing a binaphthyl 
geoup and the like. In addition, this dissoluiion accelerating agent may be identical 
to the anion (Y) dissolved in the organic solvent described above, but dissolution of 
an even higher concentration of a polymer material is required. As far as this 
solubility is concerned, the more soluble the better aa long as it is specifically at 
least 0.01 mole/liter. 

[ooiel 

This type of hydrophobic anion may be obtained by adding the following 
dissolution accelerating agent to a reaction system. As such a dissolution 
accelerating agent, for example, tetrabutyl ammonium perchlorate, tetrabutyl 
amLmonium tetrafhioroborate, tetrabutyl ammonium hexafluorophosphate, sodium 
perchlorate, sodium tetrafluoroborate, sodium hexafluorophosphate, 
tetraethylammonium perchlorate, tetraethylammonium tetrafluoroborate, 
tetraethy l a tti m onium hexafluorophosphate, sodium tetraphenylborate, soditxm p- 
toluenesulfonate, sodium altylaufonate having 6 to 24 carbon atoms, sodivim 
alkylphosphate having 6 to 24 carbon atoms, phospholipids having 6 to 24 carbon 
atoms and the like may be cited. 

[0017] 

When a dissolution accelerating agent (AB) is not used, the halide ion (Z") 
freed from €he monomer as the polymerization progresses forms an anion with the 
poisoner to decrease the solubility, thus separating out from the reaction solution 
immediately after iihe polymerization and eliminating the hope of increasing the 
degree of polymerijsalaon. However, when a dissolution accelerating agent is added, 
the ion exchange reaction (Z", Y" B") of the foUowixxg equation is thought to occur 
maintaining the solubility of the polymerized material. 

[Chemical Equation 6] 
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In the eqittatdon, AB represents a dissolutioti acceleratiag agent, and B" 
represents a laydcophobic anion. Other abbreviationB are ae de&aed above. 
[0018] 

As the organic solvent used in the present invention, polar solvents, which is 
solvents with high dielectric constant, stated for dissolving ionic compovinds are 
preferred and non-polar solvents are not preferred. Water is a good solvent fbr ioaic 
compounds hut is not deeh'able since polypyridmium is decomposed in aqueous 
solutions. As sach a solvent, methanol, ethanol, isopropyl alcohol, acetone, 
acetonitrile, pyridine, dioxane, dimethyl sulfo3d.de, dimethyl formamide, ethyl 
acetate, propylene carbonate, chloroform, methylene chloride, sulfolane, acetic acid, 
nitromethane, nitrobenzene and the like, for example, may be cited. 

[0019] 

The concentration of the dissolution accelerating agent in a reaction solution 
depends on the degree of solubihty in the polymerization solvent, but it is ordineirily 
from about 0.01 mole/liter to 5.0 moles/liter. The concentration of the anion (?) 
dissolved in an organic solvent is about the same as the concentration of the 
dissolution accelerating agent. 

The concentration of the polymerization initiator in a reaction solution is 
ordinarily from 0.0001 mole/liter to 5.0 moles/liter, but it is preferable to set the 
concentration according to the addition ratio, which is the ratio of the amounts 
present of a monomer to an initiator. 

The monomer concentration in a reaction solution is set according to the 
addition ratio, which is the ratio of the amotmts present of a monomer to an initiator, 
but it is, for example, from 0.01 mole/hter to 5.0 moles/liter. 

However, the upper limits of these concentrations are limited by the degrees 
of solubility in the solvent used. 

The reaction temperature is ordinarily from about O^C to 70°C, preferably 
about 10°C to 70°C. 

In addition, the polymerization rate is proportional to the product of the 
concentrations of the polymerization initiator and the monomer and is dependent on 
the added concentrations of both. Ftirthermore, the polymerization rate is also 
changed extensively by the polymerization temperature. Therefore, the reaction 
tune may be from several minutes to several days. 

[0020] 

Polypsnjidinium represented by tbe following chemical formula, may be 
produced using the production metbod above. 
[Chemical Formula 3] 

R'm R m 





In the formula It, Z, E' and m are as defined above, o is from 1 to 300. 
[0021] 

The following Examples illustrate the present invention, but it is not 
intended to restrict the scope of the present invention. 
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Synthesis Example 1 CMonomer syntheais) 

4-Cliloropyridme hydrocliloride (Kaato Kagatu, 6.0 g, 33.0 Tnmolee) was 
dissolved in 10 ml afpttre water, and a 5.0 weight % aqueous sodium bicarbonate 
solution was used to neutralize the solution using Ein ice bath. The 4-chloropyxidine 
formed was extracted using ether (50 ml, three times) and was dried using 
magnesium sulfate. The ether solution was distilled under reduced pressure using 
an ice bathj and 3.44 g (91% yield) of 4-chloropyridinei (4-CIPy), a colorless and clear 
Hgtiid, was obtained. The product was identified using ^H-NMB (jDMSO-dG) and FT- 
IR CKBr pellet). The ^H-ISIMR is shown in Figure 1, and the FT-IR is shown in 
Figure 2. 

[0022] 

Svnthesi n TC-rampT e 2 (Polymerization-imtiator synthesis) 

The 4-ClPy (0.26 g, 2.3 mmoles) obtainea in Ssmthesis Example 1 was 
gradually added dropwise to 4-tert-butylbenzyl bromide (Wetko Junyatu, 5.20 g, 23,0 
mmoles), and the reaction miscture was agitated for five hours at room temperature. 
The yellow solids that separated out were filtered, washed with ether and 
recrystaUized txsing ethanol to obtain N-(4'-tert-butylbemyl)-4-chloropyridinium (t- 
BBPy). The yield was 0.76 g (97% yield). The product was identified using ^H-NMR 
(DMSO-d6) and FT IR (KBr pellet). The IH-NIWIR is shown in Figure 3, and the FT- 
IR is shown in Figtare 4. 

Eagampk 1 

[0023] 

The t-BBPy (3.0 mg, 0.009 mmoles) obtained in Synthesis Example 2 and 
tetrabutyl ammonium tetrafluoxoborate (TBABF*. manufactured by Tokyo Kasex, 
197 rag, 0.598 mmole) Were dissolved in 0.1 ml of acetonitrile, and the solution was 
added to a test tube containing 4-ClPy (57 mg, 0.50 mmole) obtained in Synthesis 
Example 1. A6ber the mixture was heated for thirty minutes at 60°C, the conversion 
rate reached 80% and the polymerization progressed in a uniform system. The 
reaction system was allowed to cool to room temperature, and the solvent was 
removed using distillatLon. The yellow brown solids obtained weire weiahed using 
ether and were dried under vacuum at room temperature. The average degree of 
pol3Tnerization of the polypyridinium was calculated to be 52 based on the ^H-NMR. 
The staructore of the polypyridinium was identified by ^H-NMR (DMSO-d6). The ^H- 
NMR is shown in Figure 5. 

[00241 

This polymer ^olj^iyridinium) was a polycation, and its molecular weight 
wais difficult to calcxilate reliably using the current analsrtical technology. However, 
^H-HIVCR and gel chromatography were used to obtain the following experimental 
facts. 

The average molecxilar weight could be calculated using a C[uantitative 

terminal analysis since the structure of one of the ter m ini of the polymer is derived 
feom the initiator t-BBPy. More specifically, the protons of the t-btityl group 
appearing at about 1.3 ppm in the ^H-NMR and the protons erf the poljrmer 
polypyridinium appearing from 6 ppm to 10 ppm were examined, and the average 
molecijlar weight was calculated using the ratio of the integrated areas of both. As a 
result, as shown in Figure 6, the average molecular weight was seen increasing with 
the increasing monomer conversion ratio. 
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[00253 

Furtliermore, a gel chromatograpliy of tbe polymer was conducted tisxjag a 
packed GPC column (Sh.owa DeiLko, AsaMpak GB'-SIO HQ) suitable for use with, both 
aqueous and organic solvents and suited for separation and analysis of hydroplulic 
substances that are not retained by a reverse phase column. As shown in Figure 7, 
an elution curve was obtained on high molecular weight side of the exclusion 
limit molecular weight (40,000). An accurate molecular weight and the molecular 
weight distribution could not be obtained since a polycationic standard substance 
with a toown molecular weight was not available, but the molecular weight 
distribution was shown to be narrow. 

[0026] 

, The t-BBPy (1.0 mg, 0.0036 mmole) obtained in Synthesis Example 2 and 
TRABF* (manufactured by Tokyo Kasei, 79 mg, 0.24 mmole) were dissolved in 0.4 ml 
of dimethyl sulfosdde, and the solution was added to an NMR tube to which 4-ClPy 
(11 mg, 0.10 mmole) obtained in Synthesis Example 1 had been added. The 
polsrmerization was allowed to proceed at 40''C, and the system was checked every 
thirty minutes. The time dependent changes in the 4'ClPy conversion ratio and 
polypyxiditiium average molecular weight are shown in Figure 8. In the figure, A 
shows the time dependent changes in the 4-ClPy conversion ratio and B shows the 
time dependent changes in the average molecular weight of the polypyridinium. 

[0027] 

Comparative Example 1 

The same reaction described in Example 1 was allowed to occur without using 
a polymerization initiator (t-BBPy). As shown in Figure 6, the polymerization 
reaction did not proceed within the acctiracy of tibe. measurement. 

[0028] 

Comparp tiVft TCynm ple 2 

The same reaction described in Example 1 was allowed to occur without using 
a disaolution accelerating agent (TBABP^, and the polsrtnerization reaction 
proceeded in a heterogeneous system. The yellow brown solids that separated out 
were filtered, washed using ether and dried. The average molecular weight could 
not be calculated using ^H-NMR due to the low solubility of the product present in 
the &>rm of a polycation anion pair with the halide ion, and thermal polymerization 
in the absence of an initiator resulted in a broad molecular weight distrihution. 

Tnf^nHtvifll ApphcabiHtff 
[0029] 

The poljTpsrridinium obtsdned according to the production method of the 
present invention can be utiLLzed as an electrode material with a function to store 
electrical power and an electrolytic material utilizing anion condujstance, as a 
capacitor material utilizing high dielectricity, as a conjugated polymer with a giant 
dipole in the direction of the main chair) in non-linear optical materials and 
ferroelectric materials, as an electrochromic material utilfnng its mtiltiple stage 
oxidation-reduction properties in display devices, as a conjugated polymer with a 
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capability to form external site controUiiig igrpe polyradicals ia magnetic materials 
and as a disinfectant and the like. 
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What is dfliTned is: 



1. A method for producing pols^srridiniaiii comprisiag reactiag 
(1) a polymerizatioii initiator represented by the chemical formula below 
[Chemical Fonnxila l] 




where R represents R"(CHz)n-, wherein R" represents a hydrocarbon group or 
a heterocyclic group and n represents an iateger that ie at least one, or an aryl group 
or a heterocyclic ring that may contain subetituents, however, the heterocyclic group 
has its carbon atom bonded to the nitrogen atom in the pyridine xin^, R' represents a 
hydrogen atom, an alkyl group, an alkoxy group, a halogen atom, a nitro group, an 
ester group or an aromatic ring forming a condensed ring with the pyridine ring, m 
ia an integer from 1 to 4, X represents a halogen atom and Y represents an anion 
soluble in the organic solvent, with 

(2) a monomer represented by the chemical formula below , 
[Chemical Fo3miula 2] 



where Z represents a halogen atom, and R' and m are, independently, 

defined as above, 

in an organic solvent in the presence of a dissolution accelerating agent comprising 
hydrophobic anicme. 

2. The method of claim 1 wherein Y" is a halide ion, perchlorate ion, 
tetrafluoroborate ion, hexaELuorophosphate ion or tetraphenyl borate ion, X and Y 
are chlorine atoms or bromine atoms, and the hydrophobic anion is a perchlorate ion, 
a tetrafluoroborate ion, a hexafluorophosphate ion, a tartarate ion, a citrate ion, a 
nicotiaate ion, or a phosphate ion containing a binaphthyl group. 

3. The method of daim 1 or 2, wherein the dissolution accelerating agent ia 
tetrabutylammonimn perchlorate, tetrabutylammonium tetrafluoroborate, 
tetrabutylammonium hexafluorophosphate, sodium perchlorate, sodium 
tetrafluoroborate, sodium hexafluorophoephate, tetraethylammoniTiin perchlorate, 
tetraethylEUnmonimn tetrafluoroborate, tetraethylammonium hexailuorophosphate, 
sodium tetraphenylborate, sodium p-tolueneaulfbnate, sodium allcylsulfdnate having 
6 to 24 carbon atoms, sodium alkylphosphate having 6 to 24 carbon atoms, or 
phospholipids having 6 to 24 carbon atoms. 

4. The method of claim 3 wherein the dissolution accelerating agent is 
tetrabutylammonium tetrafluoroborate. 

5. The method of claim 4 wherein the polymerization initiatca: is N-(4'-tert- 
butylbenzy])-4-chloropyridinium and the monomer is 4-chloropyTidine. 




10 



Traiislation of piioiity document JP 2004-084518 



6. A polypyridinitim produced by the method of any one of claims 1 to 5. 
wkerein the polypyridioium is represented by tie chemical formula below, 
[Chemical Formtila 3] 

R m R m 

R-N 




where R, Z, R' and m are as defined above and o ia 1 to 300. 
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Abstract 

A production method for polypyridiniiim having a regulated molectdai: weight. 
PolypsreidimtUQi represented by the cheiuical formtda below, 
[Chemical Formula 3] 

R m R m 

/=!=> 

R-N' ' 




* o 

where o is 1 to 300, is produced by reacting a polymerization initiator with a 
monomer represented by the chemical formula below , 
[Chemical Formula 2] 




where Z represents a halogen atom, and R' represents a hydrogen atom or a 
subatituent. 



12 



Tranelation of priority docttnaent JP 2004-084518 



Figure 1 
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Figme 3 
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Figiore 5 
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Figure 6 
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